HAART prolongs survival of HIV-infected persons [1] , but until recently, the drugs were too expensive for most patients in developing countries. The World Health Organization estimates that 1.1 million Asians are currently in need of HAART, with only 6%-7% having access [2] . In Thailand, 120,000 of the estimated 570,000 HIV-infected people currently need HAART [3] . In the past few years, there have been several reports of antiretroviral treatment initiatives for adults in re-source-limited countries [4] [5] [6] [7] . There were few such reports for children [8] [9] [10] .
In 2002, the Thai Ministry of Public Health launched the National Access to Antiretroviral Program for People Living with HIV/AIDS (NAPHA) with the aim of providing treatment to all Thai patients with HIV infection. The program used 2 nucleoside reverse-transcriptase inhibitors (NRTIs) and 1 nonnucleoside reverse-transcriptase inhibitor (NNRTI) as a first-line HAART regimen [11] . To reduce the cost and to facilitate drug supply management, a fixed-dose combination of generic drugs was used, and the use of nonpediatric formulations was encouraged for children. NAPHA relies heavily on a fixed-dose combination of generic stavudine, lamivudine, and nevirapine (known as "GPO-VIR") produced by the Thai Government Pharmaceutical Organization (TGPO) [12] . The NAPHA enabled us to assess the safety, effectiveness, and feasibility of NNRTI-based HAART regimens in HIV-infected, antiretroviral drug-naive children in a resource-limited setting.
PATIENTS AND METHODS
This study was conducted at the following 4 government hospitals in northern Thailand: Chiang Mai University Hospital (Chiang Mai province), Chiang Mai Provincial Hospital (Chiang Mai province), Lamphun Provincial Hospital (Lamphun province), and Sanpatong District Hospital (Chiang Mai province). These facilities form part of a network of government hospitals serving the adjacent provinces of Chiang Mai and Lamphun (combined population, ∼2 million). The study was approved by the research ethics committee of Chiang Mai University. Written informed consent was obtained from each child's parent or guardian before enrollment.
Patients. From August 2002 through July 2003, HIV-infected children who participated in NAPHA were prospectively enrolled in the study. Eligibility criteria were age of !15 years, CD4 cell percentage of р15%, and no previous treatment with antiretroviral drugs. Exclusion criteria were active opportunistic infection and baseline serum transaminase and/or bilirubin levels 15 times the upper limit of normal.
Procedures. Patients received either a nevirapine-or efavirenz-based treatment regimen. The choice of the regimen was made by the attending pediatrician. In most instances, this decision was based on the availability of drugs at the time. However, for children !3 years old, efavirenz-based regimens were not prescribed because no data about the appropriate dosage were available [13] . For the nevirapine-based regimen, GPO-VIR (30 mg of stavudine, 150 mg of lamivudine, and 200 mg of nevirapine) was used. The dosage was calculated to deliver a nevirapine dose of 150-200 mg/m 2 q12h [13] . To minimize the adverse effects of nevirapine, we gave patients only one-half of the daily nevirapine dose for the first 14 days. This was done by using GPO-VIR in the morning dose and separate pills of stavudine and lamivudine in the evening dose. After the first 14 days, GPO-VIR was given as one-half of a tablet, three-fourths of a tablet, and an entire tablet q12h for children with body weights of 12-17 kg, 18-24 kg, and у25 kg, respectively. The efavirenz-based regimen consisted of stavudine, lamivudine, and efavirenz. The formulation used was stavudine (30-mg capsules; TGPO), lamivudine (150-mg tablets; TGPO), and efavirenz (50-mg and 200-mg capsules; Bristol-Meyers Squibb). The dosages of stavudine and lamivudine were 1 mg/ kg and 4 mg/kg q12h, respectively [13] . Therefore, lamivudine and stavudine were given as one-half of a tablet or capsule, threefourths of a tablet or capsule, and an entire tablet or capsule q12h for children with body weights of 12-17 kg, 18-24 kg, and 125 kg, respectively. The dosage for efavirenz was 200 mg, 250 mg, 300 mg, 350 mg, 400 mg, and 600 mg q24h in the evening for children with body weights of 10 to !15 kg, 15 to !20 kg, 20 to !25 kg, 25 to !32 kg, 32 to !40 kg, or у40 kg, respectively, as recommended in the US guidelines [13] .
GPO-VIR and generic lamivudine tablets can easily be divided into halves or quarters by a pair of small scissors, and contents of generic stavudine capsules can be divided in halves with reasonable accuracy. In cases in which three-fourths of a capsule was to be administered, the content of 1 capsule was combined with 4 mL of water in a plastic syringe; 3 mL of this mixture was administered, and the rest was discarded. Doses of efavirenz were administered by appropriate combinations of 50-mg and 200-mg capsules.
Patients attended study visits at weeks 0 (start of treatment), 2, 4, 8, 12, 18, 24, 32, 40, 48 , and 72. All children and care givers were counseled initially and at each visit to recognize side effects, seek appropriate care, and adhere closely to the regimens. During each visit, we reviewed the patient's medical history, did a physical examination, and assessed adverse events and adherence to treatment. The clinical stage of disease was determined according to the 1994 US Centers for Disease Control and Prevention revised classification [14] . Weight and height were expressed as weight-for-age and height-for-age z scores with reference to Thai children in the general population [15] . Adverse events were graded according to the US National Institutes of Health Division of AIDS [16] . Treatment was discontinued if a child had events of grade 3 or 4. The rate of adherence was defined as the number of doses taken divided by the total number of doses prescribed during each visit. Adherence was monitored by counting returned medication and by questioning the children and care givers. An adherence problem was defined as an adherence rate of !95% recorded at any scheduled visit [17] .
Hematologic tests, blood chemistry tests, and CD4 cell count and plasma HIV RNA load determinations were done at weeks 0, 8, 24, 48, and 72. CD4 cell counts were assessed with use of a FACSCount apparatus (Becton-Dickinson). Plasma HIV RNA levels were measured by the Roche Ultrasensitive Amplicor assay, version 1.5 (Roche). All laboratory tests were done at Chiang Mai University. In patients with suboptimal virological response, HIV genotypic resistance tests were done at the HIV Netherlands Australia Thailand Research Collaboration Center (Bangkok) [18] .
Statistical analysis. Weight-for-age and height-for-age z scores, CD4 lymphocyte counts, and virus loads before and after HAART were compared by use of Student's t test or Wilcoxon's rank-sum test, as appropriate. Virological success was defined as a plasma HIV RNA level of !50 copies/mL. In the intention-to-treat analysis, patients who discontinued their primary treatment regimen or died were counted as having ex- We used a logistic regression model to assess the importance of risk factors in predicting the likelihood of virological success at week 72. Data were analyzed with Stata software, version 6.0 (Stata). A P value of !.05 for 2-sided tests was considered to be statistically significant.
RESULTS
Characteristics of the study population. From August 2002 through July 2003, a total of 107 HIV-infected children were enrolled in the study, of whom 66 (62%) were at the hospital of Chiang Mai University, and 41 (38%) were at the 3 other hospitals. As of December 2004, all patients had been followed up for at least 72 weeks. The mean age at initiation of treatment was 7.7 years (range, 2.1-13.8 years). Only 5 children were !3 years of age at initiation of treatment. The baseline characteristics of these 107 children are presented in table 1. Sixty-one children received the nevirapine-based, fixed-dose combination regimen (GPO-VIR), and 46 received the efavirenz-based regimen. Five patients who received the nevirapine-based regimen had to switch to the efavirenz-based regimen because of severe adverse drug reactions. Four patients died from HIV-related illnesses during the study period (mortality rate, 3.7%; 95% CI, 1.0%-9.3%). The remaining 98 patients were still taking their primary drug regimen at week 72. The primary care givers were grandparents (for 36% of patients), biological parents (for 26%), relatives (for 20%), and orphanage staff (for 18%). The percentage of patients who took у95% of prescribed medi- cations during the interval between every visit was 86% (85% for the nevirapine-based regimen and 86% for the efavirenzbased regimen; ). During the same 12-month period, P p .80 NAPHA enrolled 867 children nationwide.
Clinical outcomes. Between week 0 and week 72, the mean weight-for-age and height-for-age z scores (‫ע‬SD) increased from to ( ) and from Ϫ1.9 ‫ע‬ 0.9 Ϫ1.3 ‫ע‬ 0.9 P ! .0001 Ϫ2.3 ‫ע‬ to ( ), respectively. The mean hemo-1.5 Ϫ2.0 ‫ע‬ 1.4 P ! .0001 globin level (‫ע‬SD) increased from mg/dL to 10.1 ‫ע‬ 1.6 mg/dL ( ). There were 4 cases of severe 12.5 ‫ע‬ 1.3 P ! .0001 AIDS-related illness in the group that received the nevirapinebased regimen and 7 in the group that received the efavirenzbased regimen (4 cases of nontuberculous Mycobacterium infection, 3 cases of tuberculosis, 1 case of recurrent cryptococcal meningitis, 1 cases of herpes encephalitis, and 2 cases of clinical sepsis). Four of these 11 patients died. Two died from bacterial sepsis at week 12, one from herpes encephalitis at week 18 and the other from Mycobacterium avium complex infection at week 26. The CD4 cell percentages for these 4 patients at enrollment were 0%, 1%, 2%, and 6%. At the time of death, 3 of the 4 patients showed good virological response to HAART, although the CD4 cell percentage remained low.
Immunologic outcomes. Table 2 shows the median CD4 cell percentages and the median increases in the CD4 cell count at weeks 8, 24, 48, and 72. Patients with successful virological suppression had significantly higher median percentages of CD4 lymphocytes and median increases in CD4 cell counts at weeks 48 and 72 of treatment (table 2) .
Virological outcomes.
The proportions of patients with virological success at weeks 8, 24, 48, and 72 are shown in table 3. At week 72, a total of 81 patients (76%) had virus loads of !50 copies/mL, 3 patients (3%) had virus loads of 50-1000 copies/mL, 14 patients (13%) had virus loads of 11000 copies/mL, and 9 patients (8%) had died or changed primary treatment. At week 72, the mean decrease (‫ע‬SD) in the plasma HIV RNA level from baseline was log 10 copies/mL. There 3.3 ‫ע‬ 0.9 was a statistically significant difference in the mean decrease (‫ע‬SD) in HIV RNA level between the 2 groups ( log 10 3.1 ‫ע‬ 1.0 copies/mL for those who received the nevirapine-based regimen and log 10 copies/mL for those who received the efa-3.6 ‫ע‬ 0.5 virenz-based regimen;
). P p .007 We analyzed the effect of baseline characteristics and adherence to treatment on the likelihood of virological success at week 72 (table 4) . Treatment regimen and adherence to treatment were statistically significant predictors of virological success.
Genotypic resistance mutation patterns. After week 24 of treatment, 14 children had HIV RNA levels of 11000 copies/ mL. One child received efavirenz-based HAART, and the other 13 children received nevirapine-based HAART. The genotypic resistance patterns for isolates from these 14 children are shown in table 5. The most common mutation patterns were associated with lamivudine resistance (M184V, M184I, and V118I) and with NNRTI resistance (K103N, V108I, Y181C, G190A, G190S, and M230L). These mutations were detected as early as week 24 of treatment. Virus in 5 patients also developed multiple NRTI-based resistance mutations (F116Y, Q151M, D67N , V118I, T215F, K219E, and K219Q). All but 2 of these mutations were detected during or after week 48 of treatment.
Adverse drug reactions. 
DISCUSSION
Our study demonstrated the effectiveness of NNRTI-based HAART regimens in treatment-naive children with advancedstage HIV infection from a resource-limited setting. At baseline, 61% of our patients had CD4 cell percentages of р5%. After 72 weeks of HAART, the median CD4 cell percentage increased to 21% (interquartile range, 15%-26%). Also, after 72 weeks of HAART, 76% of the patients had plasma HIV RNA levels of !50 copies/mL. Our cohort accounted for 12% of children enrolled in NAPHA from August 2002 through July 2003. NA-PHA provides free antiretroviral drugs and performs free CD4 cell determinations and laboratory tests to monitor adverse drug reactions. Our study provided additional monitoring of plasma HIV RNA levels and HIV genotypic resistance. Although not prohibited by the study protocol, we did not have to make any changes in treatment based on the results of this monitoring. Thus, the result of our study could be generalized to the rest of NAPHA.
The efficacy of these 2 NNRTI-based HAART regimens in children is comparable to that in adults. In the 2NN study [19] , 65% and 70% of participants who received nevirapine-and efavirenz-based HAART, respectively, attained virological success. However, it took longer for children to achieve virus sup- Table 5 . Reverse-transcriptase genotypic resistance patterns at weeks 24, 48, and 72 after initiation of either nevirapine-or efavirenz-based HAART for HIV isolates from HIV-infected Thai children who had HIV RNA levels 11000 copies/mL. HAART NOTE. Mutations in the reverse-transcriptase gene associated with resistance to lamivudine are M184V, M184I, and V118I. Mutations associated with resistance to nonnucleoside reversetranscriptase inhibitors are K103N, V108I, Y181C, G190A, G190S, and M230L. Mutations associated with resistance to multiple nucleoside reverse-transcriptase inhibitors are 151 complex (F116Y and Q151M) and nucleoside reverse-transcriptase inhibitor-associated mutations (D67N, V118I, T215F, K219E, and K219Q). NA, not available; ND, not done (plasma HIV RNA level of !1000 copies/mL).
pression. Of the 81 children who attained virological success at week 72 in our study, only 57 did so by week 24. In the 2NN study, most of the virological successes were achieved by week 24 [19] . This difference might be explained by the higher baseline virus loads in children, compared with adults.
In our study, patients who received the efavirenz-based regimen had a higher rate of virological success than did those who received the nevirapine-based regimen (91% vs. 64%;
). This was confirmed by the multivariate analysis P p .001 showing that use of the efavirenz-based regimen was a predictor of virological success. However, our study was not randomized, and the finding might have been confounded by several factors. For example, patients who received the nevirapine-based regimen were 1.4 years younger, and more children who received this regimen had stage C disease (table 3) .
There have been no head-to-head comparisons between nevirapine-based and efavirenz-based HAART in children, but data from 2 studies of antiretroviral-experienced children who received 4-drug regimens containing nevirapine or efavirenz, nelfinavir, and 2 NRTIs suggested the superiority of efavirenz over nevirapine [20, 21] . Three large cohort studies comparing efavirenz-based HAART with nevirapine-based HAART in antiretroviral-naive adult patients also suggested the superiority of efavirenz [22] [23] [24] . However, in the only adequately powered randomized trial comparing nevirapine-with efavirenz-based HAART, van Leth et al. [19] found that the rate of treatment failure in the nevirapine arm was 43.7%, whereas the failure rate in the efavirenz arm was 37.8%. This difference was not statistically significant. Thus, there is a need for a randomized clinical trial comparing nevirapine-with efavirenz-based HAART in children.
The immunologic efficacy in our cohort was comparable to that in pediatric cohorts from Romania and Cote d'Ivoire. In the report from Romania, a mean increase of 284 cells/mL in the CD4 cell count was found after treatment with a lopinavircontaining HAART regimen for 67 weeks [10] . In the Cote d'Ivoire cohort, the median CD4 cell percentage increased from 8% to 23% after treatment with nelfinavir-or efavirenz-containing HAART for 72 weeks [8] . In our study, the median CD4 cell percentage at week 72 was significantly lower among patients who did not achieve virological success (table 2) . This was similar to data from a study involving adults that showed that patients who experienced virological failure had a blunted CD4 cell response after 48 weeks of treatment [25] .
The frequency of clinical adverse reactions to drugs and of abnormal hepatic laboratory findings in our study was similar to that in other reports. In a cohort of 74 children treated with nevirapine in the United Kingdom [26] , rash and elevated serum alanine aminotransferase level were reported for 20% and 9% of patients, respectively. In our study, efavirenz was well tolerated, and there was no discontinuation of efavirenz because of adverse reactions. Transient CNS disturbance and rash were found in 26% and 7% of patients, respectively. These percentages were lower than those reported by Teglas et al. [27] (36% and 15% of patients, respectively).
Adherence to treatment was good and comparable to that reported in the Cote d'Ivoire cohort [8] . A total of 86% of our patients took у95% of the prescribed medications during the intervals between study visits. This was because of the adherence counseling session given at each visit and because the clinical benefits were rapidly apparent to care givers, motivating them to adhere to the treatment. Care givers reported decreased incidence of HIV-related illness. Objectively, there were significant increases in the mean weight-for-age and height-for-age z scores and in the mean hemoglobin level. As in several other reports, we found that drug adherence is paramount to treatment success. In our study, patients with adherence problems were 5 times less likely to achieve virological success (table 4) .
Drug-resistant virus emerged rapidly among children with incomplete virological suppression (HIV RNA level, 11000 copies/mL) after 24 weeks of HAART. The most common resistance mutations were associated with lamivudine and with NNRTIs, which were conferred by a change in a single amino acid. By week 72, a total of 13% of our patients developed isolates with resistance mutations. Because these patients were doing well clinically and were maintaining their CD4 cell counts and because the level of plasma HIV RNA at which therapy should be changed has not yet been determined [28] , we chose to continue the primary drug regimens for these patients and to monitor the patients closely.
There were several limitations in our study. There were no infants !1 year old in our cohort. Because most cases of HIV infection in children in Thailand are still diagnosed by detection of serum anti-HIV antibodies, accurate diagnosis cannot be made in children !18 months old. Furthermore, our patients were followed up for only 72 weeks, and issues such as longterm toxicities and metabolic derangements, as well as the sustainability and duration of virological, immunologic, and clinical response, cannot be addressed at this time.
In conclusion, we have documented the safety, effectiveness, and feasibility of NNRTI-based regimens as first-line HAART in treatment-naive children with advanced stage HIV infection participating in a nationwide antiretroviral drug access program in a resource-poor setting.
